SEP-02-2003 12=30 



P. 04/17 



meridian plane [having a first side and a second side] containing the grating 
£ optical axis and extending perpendicularly to the parallel grooves: 

a field lens having a [substantially] planar surface, a convex surface, and. an optical 
axis, wherein said lens convex surface [is facing] faces and is concentric with said 
grating concave surface, said optical axes of said grati ng [being substantially 
coaxial] and said lens are coincident and said planar surface extends 

7 

' i perpendicularly to said lens optical axis; 
an [primary] entrance port [being located substantially out of said meridian plane 
toward said first side] to introduce incident polychromatic light to the lens 
planar surf ace at a location on said lens planar surface out of said meridian plane 
and on one side of said meridian plane^and ^ i^Je^ 
I r an [primary] exit port [being] located [substantially out of said meridian plane 
toward said second side for receiving an order of light that maximizes 
throughput and mminuzes astigmatism] to receive a non-zero order of diffracted 
light emerging from said lens planar surface at a location out of said meridian 
plane on the other side of the meridian plane from the incident light, without 
significant mixing with adjacent orders of diffracted light. 

2-6. (cancelled) 

7. (amended) The spectrograph of claim 1 wherein said [primary] entrance port and 
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said [primary] exit port are located at [substantially] the same perpendicular distances 
from said meridian plane. 

Jb?( amended) The spectrograph of claim 1 [wherein: 
said entrance port is for receiving polychromatic light from a source/ said spectrograph] 
further comprising^ housing enclosing the 'grating and lens for [preventing] reducing 
stray light [from contaminating said polychromatic light in said housing] 
contamination . 

9. (cancelled) 

,10. (original) The spectrograph of claim 1 farther comprising at least one optical filter 
positioned between one of said ports and said planar surface of said lens. 

11. (amended) The spectrograph of claim 1 further comprising [: 
a secondary entrance port; and] 

a reflective surface between said [primary] entrance port or said exit port and said lens. 

! 

12. (amended) The spectrograph of claim-lTwherein said reflective surface is planar 
and has an axis normal to said reflective surface, said axis forming an 
angle with said grating optical axis, said angle optionally being about 45 degrees. 
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13-65. (cancelled) 

66. (amended) A method for dispersing light comprising: 

passing polychromatic light through an entrance port located [substantially] on a first 
side of and at a perpendicular distance from a meridian plane of a concave diffraction 
gratin g, said meridian plane containing the grating optical axis and extending 
perpendicularly to the parallel grooves: 

directing said polychromatic light with a lens toward said grating so that said light is 
incident on said grating [at least at said meridian plane); 

diffracting said light with said diffraction grating, thereby dispersing said light; and 

imaging said dispersed light with said lens at an exit port located [substantially] on a 
second side of said meridian plane for receiving [an] a non-zero order of diffracted light 
[that maximizes throughput and nunimizes astigmatism] without significant mixing 
with adjacent orders of diffracted lig ht. 

67-83. (cancelled) 

84-_foew^ a concentri c spectrograph according to claim 1 wherein the exit port is 
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located to receive first order diffracted light, optionally negative firs^ or ^r HiffrartpH 
light, wit hout significant mixing with second order diffracted light and wherein the first 
order.diffracted light is received without significant mixing with zero order reflected 
light 

-85. (new) A concent ric spectrograph according to claim 1 wherein the entire cross- 
sectional area of each entrance or exit port is located to receive said non-zero order of 
diffracted light without receiving light from other diffracted orders. 



86. (new) A concentric spectrograph according to claim 1 wherein the entire cross; 
sectional area of each entrance or exit port is located at a distance from the meridian 
plane. 

87. frtew^ A concentric spectrograph according to claim 1 wherein the grating is a 
reflective holographic grating. 

\ 88. (new^ A concent ric spectrograph according to claim 1 wherein the exit port has an 
elongated shape, optiona lly a rectangular shape, having a longitudinal axis that is 
parallel to the meridian plane. 



4. 



89. fnew^ A concentric spectrogra ph according to claim 88 wherein the entrance p ort 
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has a symmetrical shape, optionally an elongated rectangle, and a small size. 

90- (new) A concentric spectrograph according to claim 1 wherein the convex lens 
surface and the concave grating surface are spherical surfaces. 

91, fnew) A concentri c spectrograph according to claim 1 wherein the spectrograph has 
a focal plane and at least one of the entrance and exit ports faces the lens planar surface 
and is near the focal plane. 

) . .92. (new) A concentric spectrograph according to claim 1 comprising a housing formed 
from an optically opaque material to prevent stray light from entering the housing and 
wherein the concave grating, the field lens and the entrance and exit ports are mounted 
in the housing . 

93. (new) A concentric spectrograph according to claim 1 adapted for incident 
polychrom atic light comprising li ght of wavelength of from about 350 run to about 800 

nm. 

94. (new) A concentric spectrogra ph according to claim 1 comprising multiple pairs of 
entrance and exit ports. 
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1 . 



/95. (new) A concentric spectrograph according to claim 1 wherein the spectrograph 
comprises at least two said entrance ports and at least two said exit ports, the entrance 
being paired to the exit ports so that light incident at one of the entrance ports of a pah- 
is received by the exit port of the respective pair. 

^ 96. (new) A concentric spectrograph according to claim 95 wherein the entrance ports 
are each located on the one side of the meridian plane and the exit ports are each 
located on the other side of the meridian plane. 



/ 



97. (new) A concentric spectrograph according to claim 95 comprising two entrance 
ports located on respective opposed sides of the meridian plane, the two exit ports also 
being located on respective opposed sides of the meridian plane. 

98. (new) A concentric spectrograph according to claim 1 wherein the grating concave 
surface and the field lens convex surface are spherical wherein the ratio of the radius of 
curvature of the convex lens to the radius of curvature of the concave iens\s about 0.4:1 



' ipolumn Vl . lines and wherein the spacing between the convex lens surface and 

the concave grating surface is about 0.6 timei the grating radius of curvature. 



. -'99. (new) A concentr ic spectrograph according to claim 1 wherein the grating concave 
surface is spherical with a radius of curvature of about 250 mm and a diameter of about 
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130 mm, the field lens convex surface is also spherical and has a radius of curvature of 
about 94 mm a nd a diameter of about 110 mm, the distance between the grating 
concave surface and the lens convex surface is about 155 mm and the spectrograph has 
an F-number of about 1.3. 

v ,100. (new) A concentric spectro graph according to claim 1 wherein the spectrog raph 
entrance and exit ports are positioned near a focal plane of the spectrograph and the 
optical path lengths at the ports are similar. 

,. 101- (new) A concentric spectrograph according to claim 100 comprising a reflective 
surface in the optical path adjacent the entrance port or the exit port, or both, to move 
the focal plane at the respective port. 

| 102. (new) A concentric spectrogr aph according to claim 101 comprising a prism 
providing said reflective surface wherein a portion of the field lens in the respective 
optical path ha s a reduced thickness to preserve the optical path length at the respective 
port. 

103. (new) A con centric spectrograph according to claim 1 wherein input light is 
incident upon the grating at a non-perp e ndicular angle, incident light fills the grating 
area and diffrac ted incident light is receivable at the exit port from all the filled grating 
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area. 



104. (new) A concentric spectrograph according to claim 1 wherein the entrance and exit 
ports are laterally displaced on opposite sides of a plane through the optical axis and 
parallel with the grating lines, being a plane perpendicular to the meridian plane. 

V 

105. (new) A method according to claim 66 wherein the entrance and exit ports are each 

c ■ ■ ' ' 

located at a distance from the meridian plane in opposite directions from the meridian 
(2fL plane, the distances being the same- fc/grm 46, lin e a - 48^49 und iM miri'r and wherein the 

I exit port is located to receive the order of light without mixing with adjacent orders of 

diffracted light, the received order being the negative first order. 



106. (new) A method for diffracting two beams of light employing a concentric 
spectrographic apparatus, the apparatus including a grating, a lens, a primary entrance 
port, a primary exit port, a secondary entrance port and a secondary exit port, the 
method comprising the elements of: 

a) providing a first polychromatic light beam to the primary entrance port; 

fe) refracting the first light beam with the lens to diverge the beam toward the 
grating; 

£) reflectively diffracting t he first light beam at the grating to form a first diffracted 
beam: 
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ima ging the first diffracted light beam with the lens at the primary exit port: 

e) providing a second polychromatic light beam to the secondary entrance port: 

f) refracting the second light beam with the lens to diverge the beam toward the 
grating; 

£^ reflectively diffracting the second light beam at the grating to form a second 

diffracted beam; and 

4) imag in g the second diffracted light beam with the lens at the secondary exit port. 

l&f. (new'] A method according to claim 106 wherein elements e) - fl are performed 
during the performance of elements a) - d). 

Iffif7new) A method according to claim 106 wherein performance of elements e\ - fl is 
alternated with performance of elements a) - d). 

109. (new) A method according to claim 106 wherein the first and second 
polychromatic light beams are each provided to the lens at respective lens locations 
displaced from the meridian plane. 

' 110- (new) A method a ccording to claim 106 wherein the first and second diffracted 

light beams are each r eceived from the lens at respective locations displaced from the 
meridian plane. 
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All, (new) A modified concentric spectrograph comprising : 

a grating having an optica! axis, a meridian plane, and a concave surface, said 

meridian plane having a first side and a second side; 
a lens having a substantially planar surface, a convex surface, and an optical axis. 

wherein said convex surface is facing said concave surface, said optical axes 

being substantially coaxial; 
M primary entrance port being located substantially out of said meridian plane 

toward said first side: and 
a primary exit port being located substantially out of said meridian plane toward 

said second side for receiving an order of light that maximizes throughput and 

nmumizes astigmatism. 

,1'12. Cnew) A modified concentric spectrograph comprising : 

a grating having an optical axis, a meridian jjlane, and a concave surface; 
a lens having a substantially planar surface, a convex surface, and an optical axis, 
wherein said convex surface is facing said concave surface, said lens optical axis 
is substantially coaxial with said grating optical axis, and a primary focal plane is 
formed per pendicular to said optical axis facing said planar surface of said lens: 
a primary entrance por t near said primary focal plane at an intersection between a 
first axis and a second a xis, wherein said first axis is parallel to. and offset in a 
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first direction from, sa,id meridian plane and said second axis is perpendicular to 
said meridian plane and offset from said optical axis; and 
a primary exit port near said primary focal plane located at a second perpendicular 
distance from said meridian plane, in a second direction opposite said first 
direction for receiving an order of light that maximizes throughput and 
rninimizes astigmatism. 

„H3. (new) The spectrograph of claim 112 wherein the primary exit port is located for 
receiving a negative first order of diffracted lig ht. 

114. Cnew^ The spectrograph of claim 112 wherein said exit port is elongated along said 
first axis. 

. 115. (new^ The spectrograph of claim 112 wherein said entrance port is for receiving 
li ght from a primary light source, said spectrograph further comprising a housing for 
preventing light coming from a secondary light source external to said housing from 
contaminating said light from said primary source in said housing - 
US, (newl The spectrograph of claim 112 further comprising : 
a secondary entrance port: and 

a reflective surface between said primaiy entrance port and said lens, wherein said 
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reflective surface forms amodjCe^ojcal jplanqin whichsaicj secondary entrance 
port is located. 

>17. (new) A modified concentric spectrograph comprising : 

a grating having an , optical axis,„a meridian plane, and a concave surface: 
a lens having a substantially planar surface, a convex surface, and an optical axis, 
wherein said convex surface is facing said, concave surface,, said optical axes are 
substantially collinear and said surfaces are substantially concentric, and a 
primary focal plane is formed perpendicular to said optical axis facing said 
planar surface of , said lens; 
a primary entrance port near said primary focal plane at an intersection between a 
first primary axis and a second primary axis, wherein said first primary axis is 
parallel to and offset from said meridian plane and said second primary axis is 
perpendicular to saidjrneridian plane and offset from said grating optical axis: 
_a primary exit port near said primary focal plane located at a first perpendicular 
distance from said meridian plane, said first perpendicular distance being in a 
second direction opposite said first direction for receiving an order of light that 
maximizes throughput and rrdnimizes astigmatism; 
a secondary entrance port near said primary focal plane at an intersection between 
a first secondary axis and a second secondary axis, wherein said first secondary 
axis is parallel to and offset from said meridian plane and said second secondary 
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axis is perpendicular to said meridian plane and offset from said grating optical 
axis: and 

a secondary exit port near said primary focal plane located at a second 
perpendicular distance from said meridian plane in said second direction. 

M8. fnew^ The spectrograph of claim HTwherein said non-zero order is a negative first 
order. 

119, (new) The spectrograph of claim 117 wherein said primary entrance port is for 
receiving light from a primary light source, said spectrograph further comprising a 
housing around in which said grating and said lens is placed. 

120. (new) The spectrograph of claimll7 wherein at least one of said ports is in said 
primary focal plane, 
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